A total of 165 strains of vibrios isolated from clinical and environmental sources in the United States, India, and Bangladesh, 11 reference cultures, and 4 duplicated cultures were compared in a numerical taxonomic study using 83 unit characters. Similarity between strains was computed by using the simple matching coefficient and the Jaccard coefficient. Strains were clustered by unweighted average linkage and single linkage algorithms. All from regions endemic for cholera and Vibrio cholerae is the causative agent of the disease cholera, which is characterized by severe and watery diarrhea. The disease is endemic in Asia, and the current seventh pandemic is associated with the El Tor biovar of V. cholerae serovar 01 (22). Antigenic structure has assumed fundamental importance in the identification of V. cholerae. Serovar 01 is associated with pandemic cholera (20), whereas strains possessing antigens other than 01 are classified as non-O1 V. cholerae and are implicated in sporadic cases of human disease (4).
strains from nonendemic regions.
from regions endemic for cholera and Vibrio cholerae is the causative agent of the disease cholera, which is characterized by severe and watery diarrhea. The disease is endemic in Asia, and the current seventh pandemic is associated with the El Tor biovar of V. cholerae serovar 01 (22) . Antigenic structure has assumed fundamental importance in the identification of V. cholerae. Serovar 01 is associated with pandemic cholera (20) , whereas strains possessing antigens other than 01 are classified as non-O1 V. cholerae and are implicated in sporadic cases of human disease (4) .
Traditionally, the genus Vibrio has been subdivided on the basis of sugar fermentation reactions. Heiberg (18) and Smith and Goodner (35) used the sugars sucrose, D-mannose, and Larabinose to differentiate members of the genus Vibrio into eight subgroups. V. cholerae 01 strains fall into group I (these strains ferment sucrose and mannose, but not arabinose), whereas non-O1 V. cholerae strains are found in Heiberg groups I and II (fermenting only su-COMPARATIVE STUDY OF V. CHOLERAE 1103 also examined, because this species is phenotypically similar to other sucrose-negative vibrios used in the study.
MATERIALS AND METHODS Strains. All strains used are listed in Table 1. (i) Isolation and characterization of environmental strains. The Vibrio strains from Bangladesh (BV strains) consisted of 75 environmental isolates from the International Center for Diarrheal Disease Research study areas at Matlab and Dacca. Samples were collected between March and May 1977 from water, plants, and sediment, and plated onto thiosulfatecitrate-bile salts-sucrose agar (Oxoid Ltd.) without enrichment. Pure cultures were examined by the following preliminary identification tests: gelatinase, indole, and urease production; 0/129 sensitivity; motility; fermentation of mannitol, sucrose, mannose, and arabinose; ornithine decarboxylase, lysine decarboxylase, and arginine dihydrolase; and growth in 0, 3, 8, and 10% NaCl. Cultures were stored on brain heart infusion agar (Difco Laboratories) under oil at 20°C (31, 32) .
The Vibrio (V) set of 31 strains (V39 to V88) was isolated from water, sediment, plankton, and shellfish in the Chesapeake Bay between 1976 and 1978 (7, 31) . After enrichment in alkaline peptone water, samples were plated on thiosulfate-citrate-bile salts-sucrose agar. V. cholerae was presumptively identified by the following tests: oxidase; gelatinase, H2S, and ,-galactosidase production; growth in 0o NaCl; glucose fermentation; lysine decarboxylase; and arginine dihydrolase.
Strains MP18104, MP19812, and Y432 were environmental serovar 01 strains, provided by R. B. Sack. Most strains of V. cholerae had been previously tested for the presence of DNA coding for cholera toxin, using the pEWD299 probe (10) in colony hybridization (J. W. Newland, M. J. Voll, and L. A. McNicol, submitted for publication).
Five isolates from a Chesapeake Bay Aeromonas hydrophila collection (strains 19, 28, 56, 75, and 85) were included as reference controls on the sensitivity of the clustering procedures (25, 31) . Eighteen strains isolated in 1976 from water, fish, seafood, and flies in the Calcutta, India, area had been identified as V. parahaemolyticus (34) .
(ii) Isolation and characterization of clinical strains.
One V. cholerae serovar 01 strain (Sloccum Creek) and 12 non-O1 isolates received from the Centers for Disease Control, Atlanta, Ga., were included in the study. R. B. Sack kindly provided three clinical strains of V. cholerae (strains 30167, 30050, and 62746). Seventeen strains of V. parahaemolyticus had been isolated from overt cases of human gastroenteritis and from asymptomatic human carriers and were tested for their Kanagawa phenomenon reaction and serovar (34) .
(iii) Reference strains. Eleven reference cultures were used.
Media and cultural conditions. The 180 strains were maintained as working stocks on tryptic soy agar (Difco) slants containing a final concentration of 1% (wt/vol) NaCl under sterile mineral oil at 20°C. Unless otherwise stated, all tests were performed at 30°C with tryptic soy agar as the basal medium, and results were recorded after incubation for 24 and 48 h. The concentration of NaCI in all media was raised to 1% (wt/vol) unless otherwise stated.
Taxonomic tests. Colonial morphology, pigmentation traits, motility, cell micromorphology, and the Gram stain reaction were determined as described by Mallory et al. (30) . Resistance to the antibiotics ampicillin (10 ,ug), chloramphenicol (30 ,ug) , kanamycin (30 ,ug) , and polymyxin B (300 U) was determined by the agar disk diffusion method (Sensi-Discs; BBL Microbiology Systems) (1). Growth at 5, 10, 37, and 42°C; growth in 3, 7, and 10% (wt/vol) NaCI; sensitivity to 200 ,ug of 0/129 (Sigma Chemical Co.) per ml, 0.001% (wt/vol) neutral red, 0.001% (wt/vol) crystal violet, 0.00125% (wt/vol) brilliant green, and 0.01% (wt/vol) sodium dodecyl sulfate; and growth at pH 4.5, 8.0, 9.0, and 10.0 were determined on tryptic soy agar medium. For the latter, the medium was adjusted to the appropriate pH with 1 M NaOH or 1 M HCI.
For the carbohydrate fermentation tests, a final (9) . The methods used to determine production of levan, catalase, gas from glucose and lactose, indole, gelatinase, lecithinase, oxidase, H2S, phosphatase, and growth and acid on iodoacetate have been described previously (6) . Arginine dihydrolase and lysine, ornithine, and histidine decarboxylases were detected by using Moeller decarboxylase base medium (Difco). Growth on thiosulfatecitrate-bile salts-sucrose agar, nitrate reduction, the methyl red test, DNase production, phenylalanine deaminase, and urease were determined with the appropriate culture medium (Difco). The methods for detecting degradation of allantoin (17) , esculin hydrolysis (36), chitinase production (19) , and P-galactosidase (28) have been described previously. Hemolysis was scored after growth on 5% sheep blood agar (BBL).
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production; phosphatase; degradation of Tween Certain colonial morphology and cell micro-20 and allantoin; and growth on alginate, formorphology characters proved difficult to score mate, proline, propanol, and pyruvate as a sole VOL. 17, 1983 on August 27, 2017 by guest http://jcm.asm.org/ Downloaded from carbon source. A total of 39 tests were removed from the data matrix, and the final n x t table contained 180 bacterial strains (n) and 83 unit characters (t). The inclusion of four duplicate pairs of strains measured the test error associated with this study (37) . The average probability of an erroneous two-state character result was 4.1%, which does not adversely affect clustering patterns.
Clustering of strains. A total of 174 of the organisms (97%) were recovered in two major and six minor groups, named where possible after the authentic strains included in the cluster (Fig. 1) . Strains in three clusters were provisionally designated as Vibrio spp. Table 2 documents the frequency of occurrence of phenotypic characters associated with each of the clusters except a minor cluster, no. 8.
(i) Cluster 1 (V. cholerae). The strains in cluster 1 were 0/129 sensitive and motile, and they fermented glucose and mannitol but not arabinose or inositol. They reduced nitrate, grew in 3% but not 7% NaCl, decarboxylated lysine and ornithine but not arginine, and hydrolyzed gelatin, Tweens, starch, and casein. This cluster formed at the 77% similarity level and included the type strain of V. cholerae, ATCC 14035. The failure of strain ATCC 14033 to cluster was anomalous (Colwell [6] has discussed the problems of atypical reference organisms in taxonomic studies). The cluster could be divided into seven subclusters or infrasubspecific groups (Fig. 2) . There was no distinction between clinical and environmental isolates or between strains from the United States and Bangladesh. These V. cholerae strains did not biotype into sugar fermentation groups (18, 35) , nor was there evidence to support taxonomic separation on the basis of 0 antigen serology or genetic sequences encoding cholera toxin.
(ii) Cluster 2 (V. mimicus). The 20 Heiberg group V strains of cluster 2 differed from V. cholerae in being sucrose negative and cellobiose positive and in failing to hydrolyze starch. Subgroups 2A and 2B differed from each other in o-nitrophenyl-p3-D-galactopyranoside hydrolysis and sensitivity to crystal violet. Subcluster 2A contained strain SN72, presumptively identified as V. parahaemolyticus, serovar 06:K18.
(iii) Cluster 3 (V. cholerae). Four additional V. cholerae strains formed a minor cluster, cluster 3, at the 74% similarity level. Three of these were non-01 environmental isolates from Bangladesh, and the other was the reference strain V. cholerae NIH 41 , an 01 clinical isolate. These four organisms differed from those of cluster 1 in being nonhemolytic, failing to utilize mucate, having a higher frequency of esculin degradation and butanol fermentation, and demonstrating cellobiose fermentation. (40) . There has been an increasing awareness of the presence of V. cholerae in clinical and environmental samples in the United States after the occurrence of cases of cholera in Texas, Alabama, and Louisiana (3, 5, 41) . Current identification schemes for V. cholerae are based on the reactions of strains isolated from areas endemic for cholera and so far appear to be satisfactory for strains isolated in nonendemic areas (3, 24, 27 (Fig. 2) . Moreover, pairs of clinical and environmental isolates of V. cholerae (2746/BV68 and 0050/V41) shared even higher similarities.
The high phenotypic similarity between environmental and clinical isolates suggests that the previous concept that V. cholerae is highly adapted to survival only in humans is no longer tenable. Studies over the last decade on the spread of cholera, and the ecology and molecular genetics of the causative organism, in regions nonendemic for cholera have indicated a natural aquatic habitat for toxigenic and nontoxigenic strains of V. cholerae (3, 8, 14, 23, 27) . Clearly, samples taken from diarrheal patients should be routinely examined for the presence of V. cholerae if there has been a recent exposure to seafood or to a brackish water environment. Infections of extraintestinal lesions due to V. cholerae after exposure to brackish waters have also been recorded (4).
It is possible that V. cholerae may be misidentified as a coliform in laboratories using media designed for Enterobacteriaceae species or having little experience in the identification of vibrios. Studies have already demonstrated the efficacy of thiosulfate-citrate-bile salts-sucrose agar for the isolation of V. cholerae (42) . Comprehensive identification schemes for V. cholerae have been published by Furniss (15) and Wachsmuth et al. (40) for clinical isolates. The present study demonstrates that these routine laboratory characterization tests, originally developed to identify strains of V. cholerae isolated from disease cases in areas endemic for cholera, can justifiably be used for the identification of toxigenic and nontoxigenic strains of V.
cholerae from both clinical and environmental samples. Subclustering of the major cluster of V. cholerae could not be correlated with geography, sample type, any single phenotypic character, any combination of phenotypic characters, serovar, or potential to produce cholera toxin. This study confirms the observations of Daniel and Lloyd (11) , who noted the failure of the carbohydrate fermentation schemes (18, 35) to biotype sucrose-fermenting strains of V. cholerae when a large-scale taxonomic analysis is done. V. cholerae clearly comprises strains from both clinical and environmental sources, as well as both 01 and non-O1 serovars. In view of the presence of the enterotoxin genes in a V. cholerae non-O1 serovar (26) , it is clear that the traditional restriction of V. cholerae to enterotoxigenic 01 serovars is not realistic or acceptable.
While the present study indicates that Heiberg group V strains of V. cholerae are distinct from the major V. cholerae cluster, there was no definitive plexus of distinguishing phenotypic characters. The major differentiating tests were sucrose fermentation and starch hydrolysis. Davis et al. (12) placed Heiberg group V strains into the species V. mimicus and separated the species from V. cholerae on the basis of DNA/DNA homology studies. The present study and that of Davis et al. (12) indicate that there appear to be few tests which can routinely be used to distinguish V. cholerae from V. mimicus. Further taxonomic studies are required since there appears to be variation among strains identified as V. cholerae and V. mimicus.
The results of the taxonomic analysis performed in this study indicate some similarity between V. parahaemolyticus and V. mimicus. Neither species ferments sucrose. However, V. mimicus fails to ferment arabinose or to grow in 7% NaCl, features for which V. parahaemolyticus frequently is positive. Differentiation between these two species is important in clinical laboratories, since both are associated with human disease (4, 11) .
The cluster containing isolates of V. parahaemolyticus showed no evidence of subclusters. Furthermore, the Kanagawa phenomenon, serovar, or source of strains did not correlate with any single phenotypic character or groups of characters. Thus, as was observed for V. cholerae, there is no suggestion of separate clinical and environmental reservoirs for this organism.
Clusters 6 and 8 contain strains which could not be assigned to any of the presently described Vibrio spp. Some strains failed to decarboxylate arginine, lysine, or ornithine. The taxonomic position of some strains from these clusters is currently under investigation in our laboratory, since similar strains have been isolated from humans with pathogenic disorders (33) .
